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Thepresentinvention^^ 

WSrhrS?^ the properties ° f *" 

nJSffiritJ?** article « '«SJS^^^^^«^ ° r «*^J5 h SS 
subject however, to degradation. embnttle ^f n t " : -rv-tauine polymeric materials to inhibit the 
bnStfon Many additives have been proposed for such sem^ry^ us pgtent 4(100 1?5( 

oTlSuration and degradation resulting from the SnVjSS-™ wherein the semi-crystalhne 
for example, discloses irradiation sterilization of o s ^Xi " additive which increases the free volume of 
oolvmeV has incorporated therein a n«H^>«™J^^2£L an d subsequent to the irradiation 
fte rotvmer thereby to prevent embrittlement of the Poty™r dunng • ta „ ine polymer which 

United States Patent 4,274,932 is directed to a , process for £en mng a . ^ w 

procS includes the steps of subjecting a ^'^^'^C intent of from 20 to 90% and the ratio 
irradiation. The semi-crystalline PO'V^^r has a specific cr/st |gr wei nt is no greater than 9. The 

of the weight average molecular weight to the ^^^"f mount of a non-crystalline liquid mob.la.ng 
polymer, furthermore, has incorporated therein , a ™^ n * " tgins ^ e flexibility thereof, 
additive which increases the free volume of the polymer and eta rf ^ po , ers jhe 

^United States = 3940^ 

^Uniffitate's Patent3.537 967 is content which has addedto it 

is directed to polyo.efin articies, 

UP 1uSean Patent Application 7930 13 4^ 

•Waras^ irradiation - Resistance is imp 

Sfi SSS-M* cESnw* hindered amine 8n ^ t0 ^ 

While the Drior art, as outlined above, disclosed many l " H _ ub , ected to irradiation sterilization, 

W yJ!K?S^ to The present invention is 

'^ problem persists for semi-crystalline a "^-crystalline polymer by incorporating 

^^^^^^^^^^ 8 Wndered amme ^ 8 m0b " ,2,n9 

add raccordance with one aspect ^^S^^ 

addrtive and a heterocyclic hindered amine .nwrpo^ed r Aroordi Iy> such semi^rystallme 

synergistic improvement in the irrad.at.on stab Irty of i POj m additive and a heterocyclic 

r^iJmers havinq a combination stabilizer including a n ° n TY«a'»"« sta bility to embrittlement and to 

fiSS^" aubiected to *XS*""Sl2 
discolouration during and subsequent to > such '"ad«t.on me ^ ^ 0 r a dialkyl 

""^"-^■i.,!™ .ddiov. can be any one of a vide variety of 

1.! ^y^^^^V^^VE^^^^^^ra. commonly referred 

about 5,000 grams/mole. m „wii,ino additives include hydrocarbon oils, halogenated 

Representative examples of suitable mobiliang ajdmves molecula r weight non-crystalline 

hydrocarbon oils, phthalicester oils, vege able o. s siUc onj ™* |ewtar polye^ gwaaofc^ 

»g= 

additive is generally present in an ^^^JKfS per cent. All percentages used herein are by 
polymer and preferably from about 0.1 ^«^mn?^mefB unless expressly designated otherwise, 
weight and are based on the weight of ^^'^^bared heterocyclic ring containing the 
The hindered amines preferably comprise a 
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hindered amine nitrogen and optionally another hetero atom preferably nitrogen or oxygen. If the hindered 
Smfnel teZ amine, the tertiary group may be, for example, an alkyl. aralkyl, alkaryl or ahcyclic group 
coTalnfno 1 to 12 carbon atoms. One or more of the substituents of the hindered amine may itself be a 

rff Jt o SUeS aS of the hindered amine. Reasonably inert carriers include aromatic 

groups. Preferably, the carriers can be used to link together a plurality of hindered amines and hence the 
tertiary groups may be regarded as carriers too. . , , 

Examples of hindered amines linked by diesters or ketones include: _ 

sebacate * see formu,a ° where * ,s the sebacate wh 

Carri (b) ? di-(2,2,6,6-tetrameW^ 

carboxylate (see formula II) where it is the pentanedicarboxylate .which ms J^^™^^^^,^,^ 

<c) the condensate of succinic acid and N-(2-hydroxy propyl )-2,2,6,6-tet ram ethy^ 
(see formula III) where both the succinate moiety and the tertiary propoxy groups combine to form carriers 
(the condensate preferably contains 6 to 20 hindered amine groups), and h.itanedione 
(d) lXdi-(2,2Wtetrarnethyl-4-piperidyl)-2,3-butanedione (see formula IV) where it is the butanedione 

which is the carrier. 
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The semi-crystalline polymer can be for ^^T^t^X SiSV S2 
polyethylene), propylene, butene-1 or ^^^^e« .nd^^to 20 per cent (by v«l B ht of the 
monomers. Preferred copolymers are ^KSffi theTatter stages of an otherwise homo- 

copolymer)of ethylene, when made by injecting ethylene mio ma<Je by d 

„ "^mposiuonmayc^^^^ 

light stabilizers (eg benzotriazotes) and/ori P^^S propionate. However, phenolic antioxidants 
example, n-octadecyl ^^rterbaryb^hydroxy^en^rep ^ improvement in dis- 

may aggravate discolouration so their use may _enta compounds of the type 
colouration. The compositions may al« .contain long chain (eg C 10 to C«> 

,5 known to synergise with phenolic anboxidants in V^mmja w especially when the 

mercaptans and sulphides but the P^ 8 ^ use ofsome of such sulphur compounds reduces the 

aids may be used. . . . Htnth - SG mi-crvstalline polymer at a level off rom about 0.005 

The heterocyclic hindered I amine is ^^*^SJ^,5«* 0 5 per cent to about 0.3 per cent. It 
to about 0.5 per cent by weight ^P^ftW^w^ mobilizing additives to the 
has furthermore been ^^^.^t^S^OS^X 20. preferably from about 2 to about 10. 
25 heterocyclic hindered amine should be fromabout thai the mobilizing additive functions to 

While not wishing to be bound by any theory, - it is ° e ' ,ev e a . ^ presence of the hindered amine 
mobilize the amorphous portion of the ^^J^^S^S^ effect is believed to be that the 

30 ESSttVXttZ ESSSSS* captu.ng radicais formed during the 
^F?^ invention are illustrated by the following Example. Reference is mode to 

"Xu'rells^ 

„ a coK4n a of P a 0t hmdered ^^'ff^^J^SSi SffSUr containing the 
comXfon IZSSSVStttt'SfJ!* staining a commoniy used su.phur 
compound, dilauryl-thiodi propionate (DLTDP). 

Po.ypropy.eneconta^ 

^hSSS rfoCw^raSn, the sample was brittle and continued to 

Company and identified by *e trade " a ™.^^J^ m ^ rr ;diation stability over the polypropylene 

" me9 rd d ramatic improvement in irradiation ^00,^)^ S^'S £££ 
amine (formula I) and 47% mob lizing -J^S^p^S^ could withstand 7 megarads 

so containing^^ 

stabilizer package for polypropylene as- disclose ^f 6 ™"^.^- pionate) to the polypropylene containing 

hind r^iSo!i% 300 hydrocarbon ° m produced a 

65 negative effect as shown in Figure 4. 
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Claims 



1 An irradiation sterilizable composition stabilized against discolouration and degradation comprising 
a semi-crystalline polymer having incorporated therein a synergistic stabilizing mixture of a mobilizing 

5 amount of a non-crystalline liquid mobilizing additive which increases the free volume of the polymer arjd 
also having incorporated therein a sterically hindered amine or its N-oxide, N-hydroxide or N-mtroxide salt, 
with the amine nitrogen being contained in a carbon-nitrogen-carbon chain which forms part of a non- 
aromatic heterocyclic ring and wherein each of the two carbon atoms of the said chain is bonded either to 
two alkyl groups which are the same or different and each have 1 to 12 carbon atoms or to an alicyclic 

to group containing 4 to 9 carbon atoms, in the absence of an antagonistic sulphur compound which is a long 
chain mercaptan or sulphide, or a dialkyl thiodialkanoate. 

2 A composition in accordance with claim 1, wherein the semi-crystalline polymer is a homopolymer 
of ethylene, propylene, butene-1, or 4-methylpentene-7, or a copolymer of two or more of these 

is m ° n 3.Xcomposition in accordance with claim 1 or 2, wherein the mobilizing additive has a density of from 
0.6 to 1.9 g/cm 3 and a molecular weight of from 100 to 10,000. 

4. A composition in accordance with any preceding claim wherein the mobilizing additive is selected 
from hydrocarbon oils, vegetable oils, silicon oils, low molecular weight non-crystalline polymer greases, 
such as hydrocarbon polymer greases, low molecular weight polyester greases and polyarylether greases. 

20 5. A composition in accordance with claim 4 wherein the mobilizing additive is a hydrocarbon oil. 

6. A composition in accordance with any preceding claim wherein the mobilizing additive is present in 
an amount from 0.01% to 50% by weight of the composition. . - 

7. A composition in accordance with any preceding claim wherein the hindered amine is present at a 
level of from 0.005 to 0.5% by weight of the composition. 

25 8. A composition in accordance with any preceding claim wherein the weight ratio of the mobilizing 
additive to the heterocyclic amine is from 0.5:1 to 20:1. 

9. A composition in accordance with any preceding claim, which does not contain any 
dilaurylthiopropionate. ' . . . . M 

10. An article prepared from a composition according to any preceding claim, after the article has been 
30 subjected to irradiation sterilization. 

Paterrtanspruche 

1 Gegen Verfarbung und abbaustabilisierte strahlungssterilisierbare Masse mit einem halbkristallisier- 
barem Polymer, in welches eine synergistische Stabilisiermischung aus einer mobilisierenden Menge 
eines nicht kristallinen flussigen mobilisierenden Zusatzes, das das freie Volumen des Polymers erhoht, 
und auch ein sterisch gehindertes Amin oder sein N-Oxyd, N-Hydroxyd oder N-Nitroxydsalz, dasden Amm- 
stickstoff in einer Kohlenstoff-Stickstoff-Kohlenstoff-Kette, welche Teil eines nicht-aromatischen hetero- 
cvclischen Ringes bildet und worin jedes der zwei Kohlenstoffatome der genannten Kette entweder an zwei 
gleiche oder verschiedene Alkylgruppen mit je 1 bis 12 Kohlenstoffatomen oder an^e.ne alicychsche 
Gruppe mit 4 bis 9 Kohlenstoffatomen gebunden ist enthait, eingearbeitet ist, in Abwesenheit einer 
antagonistischen Schwefelverbindung, welche ein langkettiges Mercaptan oder Sulfid Oder em Dialkyl- 

th, ° ^Massenach Anspruch 1, worin das halbkristalline Polymer ein Homopolymer von Athylen, Propylen, 
45 Buten-1 oder 4-M ethyl penten-7 oder Copolymer von zwei oder mehr dieser Monomere ist. 

3. Masse nach Anspruch 1 oder 2, worin der mobilisierende Zusatz eine Dichte von 0,6 bis 1,9 g/cm 
und ein Molekulargewicht von 100 bis 10 000 hat . - aiie 

4 Masse nach irgendeinem der vorhergehenden Anspruche, worm der mobilisierende Zusatz aus 
Kohienwasserstoffolen, Pflanzenolen, Silicondlen, niedermolekularen nichtkristallinen Polymerfetten, wie 
so Kohlenwasserstoffpolyfetten, niedermolekularen Polyesterfetten und Polyarylatherfetten ausgewahlt ist 

5. Masse nach Anspruch 4, worin der mobilisierende Zusatz ein Kohlenwasserstoffol ist. 

6. Masse nach einem der vorhergehenden Anspruche, worin der mobilisierende Zusatz in einer Menge 
von 0,01 Gew.-% bis 50 Gew.-% der Masse zugegen ist. . M 

7. Masse nach einem der vorhergehenden Anspruche, worin das gehinderte Amin in einer Menge von 
55 0,05 bis 0,5 Gew.-% der Masse zugegen ist. _ ,. u w . . 

8. Masse nach einem der vorhergehenden Anspruche, worm das Gewichtsverhaitnis des 
mobilisierenden Zusatzes zum heterocyclischen Amin 0,5:1 bis 20:1 ist. 

9. Masse nach einem der vorhergehenden Anspruche, welche kein Dilaurylthiopropionat enthaK. 

10. Gegenstand, hergestellt aus einer Masse nach einem der vorhergehenden Anspruche, nachdem 
so der Gegenstand einer Strahlungsterilisation unterworfen worden ist 

Revendications 



35 



40 



65 



1 Composition sterilisable par irradiation, stabilisee vis-a-vis d'un changement de couleur et d'une 
degradation, comprenant un polymere semi-cristallin dans lequel a ete incorpor§ un melange stabihsant 
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moinsdeuxdecesmonomSres. radditif de mob ilisation a une masse 

volum^^S^ danS .aque„e 

£ Composition seion I'une que conque ^^'^^^s vegetales. les huiles de silicone les 
; mobilisation^ cnoisi P^.^ftSJ^'S^JSr^™ >** graisses P?W^reshydn> 

■ssrws^ masse mo,6cu,aire et 8 9raisses 

^Composition selon ia revendication 4, dans iaquelie I'additif de mobilisation est une hu,e 

- ^^^00 se,on Tune -ioo-^ * 
mobilisation est present en une quantote de W ' a J * n tf^™ prfcMentet. dans laquelle I'am.ne a 
7. Composition selon I'une quelconq " enchc at id8parrapport ilaoornposrt.on. 
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